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ABSTRACT 

This paper examines the cl as « room-based research 
carried out by a full-time mathematics teacher who monitored what was 
happening to his class of 13-year-old students as they were engaged 
in a collaborative, peer interactive classroom environment and 
examined how this environment influenced, and was influenced by, the 
students* attitude toward mathematics. An attempt was made throughout 
the school year to take into account the students* background 
knowledge and to frequently survey the students for their assessment 
of the classroom environment. By the end of the implementation, the 
students were more active participants in their own mathematics 
learning and culture than they had been at the beginning of the year. 
Observations from this study illustrate the social outcomes that 
developed in the students, such as listening, caring for the progress 
of others, providing help and guidance, negotiating explanations and 
solutions into a group consensus and peer teaching. Findings also 
demonstrate that the teacher had progressed towards a more 
socio-cul tural construct ivist approach in his teaching. Contains 115 
ref ereri'ies . (Author/MKR) 
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Developing Partnerships within a Socio-Cultural 
Classroom: Changing Student and Teacher Roles. 

Dennis V. Ireland and John A. Malone, 
Science and Matiiematics Education Centre, 
Curtin University, Pertl-i, Western Australia. 

A paper presented for roundtable discussion at the 1995 Annual Meeting of 
the American Educational Research Association 

April 18-22, San Francisco 

Abstract 

This paper examines the classroom based research carried out by Dennis, a 
full time mathematics teacher, who monitored what was happening to his 
class of 13 year old students as they were engaged in a collaborative, peer 
interactive classroom environment and examined how this environment 
influenced, and was influenced by, the student's attitudes to mathematics. 

Multiple theoretical frameworks influenced the design of this study. Socio- 
cultural, constructivist and Vygotskian perspectives were all considered, for it 
was the emergent rationalised combination of all these perspectives which 
defined and framed the approach adopted and applied by the authors. In this 
study, a classroom environment was established based on the negotiated 
social norms of the teacher and the students and involved considerable 
discussion, negotiation and consensus seeking by the class. The students 
worked in collaborative groups on the standard first year high school 
mathematics course as used at Dennis's school. An attempt was made 
throughout the year to take into account the students' background knowledge 
and to frequently survey the students for their assessment of the classroom 
environment. By the end of the implementation the classroom operated on a 
basis where the students were more active participants in their own 
mathematics learning and culture than they had been at the beginning of the 
year. Observations from this study illustrate the social outcomes that 
developed in the students such as listening, caring for the progress of others, 
providing help and guidance, negotiating explanations and solutions into a 
group consensus and peer teaching. Findings also demonstrate that Dennis 
had progressed towards a more socio-cultural constructivist approach in his 
teaching and produced in him a developing realisation that the future reality 
for the education of our students is that of teaching them about learning to 
learn in a socially diverse and culturally mixed global community. 
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Introduction 

This paper reports on a study of the implementation of a particular teaching 
and learning environment in a typical Australian high school mathematics 
classroom (Malone & Ireland, 1993). The focus was on creating a socio- 
cultural teaching and learning classroom environment within which a group of 
students, 21 girls in their first year of secondary school, would learn 
mathematics (van der Veer & Valsiner, 1991). 

This study involved developing in Dennis and his students an awareness of 
the roles of social and cultural interactions found in the learning environment 
(Perret-Clermont, 1980; van Lieshout, 1987; Rogoff & Lave, 1984; Cobb, 
Wood & Yackel, 1990; Tudge, 1990). To this end the students were engaged 
in a collaborative, peer interactive classroom environment which involved 
them in jointly working on solutions to problems (Vygotsky, 1978; Griffin & 
Cole, 1984; Schoenfeld, 1985; Stallings & Stipek, M986; Bennett & Cass, 
1990; Rogoff, 1990; Burbules & Linn, 1991; Linn & Burbules, 1993). Dennis, 
the teacher in this study and co-author of this paper, wanted to see how a 
Vygotskian framework functioning effectively within the normal routines of 
school life (Rogoff, 1990; Steedman, 1991; Cobb, Wood & Yackel, 1991) 
would benefit his teaching and his students' learning of mathematics (Pope, 
1991). 

Certain aspects of a social const ructivist approach to teaching (Lerman, 1989; 
Davis, Maher & Noddings, 1990a; Doise, 1991; Steffe, 1991; Tobin, 1990; 
Davis, Maher & Noddings, 1990b) were also adopted in order to merge the 
ethnographic methodology (Vasta, 1982; Goetz & LeCompte, 1984; Erickson, 
1986) of action research (Nixon, 1981; Rowland, 1986; Oja & Smulyan, 1989; 
Kinchloe, 1991; Altrichter, 1993) with the theoretical paradigms of Vygotsky 
(Moll, 1990; Pontecorvo, 1990; Vasta, Haith & Miller, 1992). Using a multiple 
framework approach accommodated all of the facets which interplayed on the 
design of this classroom based study and suited the teaching style Dennis 
had determined to use in order to effectively implement a socio-cultural 
environment. 

Viewing the outcomes of this study from a socio-cultural constructivist 
perspective highlights the importance of the learners developing social norms 
for use in the environment (Rogoff, 1990), reflecting on their work, 
collaborating with peers, negotiating meaning through discussion (Huber 
1990; von Glasersfeld, 1991; Lochhead, 1991), arriving at consensus and 
accounting for the background knowledge each student brings to class 
(Baroody & Ginsburg, 1991; Cobb et al., 1991). 

The importance of the cultural impact upon the classroom is one focus of the 
recently published National Statement on Mathematics for Australian Schools 
(Australian Education Council [AEC], 1990, p. 6-7). For students, activities 
such as playing and explaining, along with counting, measuring, locating and 
design ng have been identified as probably universal in the development of 
mathe/iiatical ideas in different cultures. However, while mathematical 
thinking is part of the cultures of origin of all Australians, we may not all 
interpret basic conceptions in the same manner (AEC, 1990, p. 6-7). 

4 
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The aim of the environment which Dennis developed in this study was to bring 
out and capitalise on aspects of the cultural diversity in the students' 
backgrounds and to provide the students with a non-threatening leaming 
environment. Adopting a Vygotskian perspective using peer interaction in a 
collaborative environment presented the vehicle through which this aim could 
be achieved and it had the effect of makingjhe classroom mathematics more 
familiar to the students as they developed their understanding of the 
international 'body of knowledge' of mathematics which has resulted from the 
convergence of the mathematical activities of many cultures over time (AEC, 
1990, p. 6-7). 

Theoretical Background 

Socio-cultural, constructivist and Vygotskian perspectives framed the multiple 
theoretical stance which influenced the design and approach taken by the 
authors in this study. In examining these perspectives Dennis merged the 
influences of Vygotsky's socio-cultural theories of development (Campione, 
Brown, Ferrara & Bryant, 1984; Wertsch, 1991) with the practicalities of 
contemporary socio-culturalism and the applicability of several aspects of 
constructivism (Lerman, 1989). 

Dennis found himself in the position of formulating this study alc^g the 
paradigmatic lines of socio-culturalism but in such a way that it was clearly 
influenced by all he had read about constructivism. This required him to make 
a shift in his perspective from the teacher who stands in front of the classroom 
and simply teaches to one who tries to facilitate learning, a position aligned 
somewhat to a constructivist perspective. Such a position may seem 
untenable to some but it proved to be highly functional and theoretically 
acceptable as Cobb (1994) illustrates when he questions assumptions that 
give rise to a forced choice between constructivist and socio-cultural 
perspectives and contends that the two perspectives can be viewed as 
complementary, with each constituting the background against which the 
other comes to the fore. 

If we view learning as a process of acculturation then we take a socio-cultural 
perspective. This is closest to the approach adopted by Dennis in his 
teaching. The constructivist view focuses on the distinct interpretations of the 
individual students and their interests in striving to make sense of the 
classroom events (Cobb, 1994). Dennis also adopted aspects of this 
approach in his teaching. A socio-cultural theorist might view classroom 
interactions as the culturally organised practices of schooling, whereas a 
constructivist would see an evolving microcuiture unable to exist beyond the 
teacher's and students' attempts to achieve intersubjectivity in their individual 
activities. A socio-cultural theorist might also see a student appropriating the 
teacher's contributions, whereas a constructivist would see a student adapting 
to the actions of others through the process of negotiation (Cobb, 1994, p. 15). 
The students in this study were influenced by the teacher (Dennis) and by 
each other in both group and whole class activities. Teachers as practitioners 
would agree with aspects of both sides of these arguments, as does Dennis, 
but he aligned himself more with the socio-culturalists. 

O 
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In adopting a Vygotskian framework upon which to structure classroom 
interaction Dennis sought to make the students active participants in their 
leaning. By acknowledging students' background and cultural differences as 
well as their prior experiences and by emphasising discourse and 
intersubjectivity in the class it was anticipated that the students would develop 
enhanced positive attitudes. A Vygotskian approach allowed us to view 
learning as a process of acculturation involving the fulfilment of certain 
obligations to the school as a social institution and to a wider society and this 
also reflected our socio-cultural position (Cobb et a!., 1990, p. 137; Tudge, 
1990). Such an approach is frequently utilised within different research 
paradigms to study how social interaction, either with an adult or with peers, 
can enhance different types of learning. Peer interaction seemed to Dennis a 
valid description of the pedagogical process and providing the students with a 
non-threatening learning environment gave Dennis the opportunity to develop 
and maintain positive student attitudes to mathematics. Utilising peer 
interaction in a collaborative environment presented the vehicle through 
which this aim could be achieved. 

Adopting a Vygotskian approach within which to form the teaching and 
learning environment offered Dennis the most comprehensive account of the 
link between development and instruction which he saw as central to an 
understanding of school learning (Pontecorvo, 1990, p. 3). Vygotsky argued, 
that instruction plays an extremely important role in development and he 
emphasised, in the process of teaching-learning, the assistance offered by a 
more competent "other" as learning progresses through what he called the 
zone of proximal (or next) development (Vygotsky, 1987, p. 211). Rogoff and 
Wertsch (1984) described the zone of proximal development as "the phase in 
development in which a child has only partially mastered a task but can 
participate in its execution with the assistance and supervision of an adult or 
more capable peer". Working on only partially mastered tasks and doing so 
successfully because of the help of others was to become "normal" practice in 
Dennis's classroom. This matches Vygotsky's thoughts on the role of learning 
which he saw as awakening a variety of internal developmental processes 
that are able to operate only when the student is interacting with people in his 
environment and in cooperation with his peers (Vygotsky, 1978. p. 90). 

Undoubtedly part of the reason for the popularity of Vygotsky's theory lies in its 
fit with contemporary ideas about the importance of social factors and contexts 
in explaining student's behaviour (Vasta et al., 1992). Interactive learning 
situations that provide structured guidance for the learner and that operate 
within a collaborative environment to achieve the desired learning outcomes 
fit within a Vygotskian framework (Campione et ah, 1984). To this end the 
students in this study were engaged in a collaborative, peer interactive 
environment involving groups jointly working out solutions to problems in their 
mathematics class (Linn & Burbules, 1993). 



ERIC 



o 

ifo'afKi. 0 V (Apfii. VM) QsY#ju!{\a(!arlimtsliii>a_wllWaii^iidc:CuliwaLCla 

F'i»p«f pfosonlotJ ,\\ Iho ,\iunjal rnnuliiuj ol Uw Anwrlcan Filuciitlonal HosoarcM Assoclalinn Jian Francisco 



5 



In describing the Vygotskian, constructivism and socio-cultural perspectives 
which framed this study we have explicitly acknowledged the design behind 
our interpretive activity and have illustrated our awareness of the particular 
reasons why we adopted such a position. Cobb argues that ways of 
coordinating perspectives should be developed (Cobb, 1994. p. 19) and this 
study illustrates our way of so doing as we considered the issues to be 
addressed and our perspective with regard to those issues. We believe, as 
does Cobb, that each perspective needs to acknowledge the potential positive 
contributions of the other perspective (Cobb, 1994, p. 18). The social context 
of learning, while of recent interest to educational researchers, has always 
been at the forefront of the teaching process. Classrooms which encourage 
learning as a social process are needed as is a willingness and ability to work 
collaboratively with others and value their contribution (AEC, 1990 ; National 
Council of Teachers of Mathematics [NCTM], 1989). 

In combining these perspectives this study aimed to establish itself as the 
practical implementation of a collaborative, peer interactive learning 
environment which was responsive to student perceptions of its functioning, 
and one which was effective in creating a classroom which reflected the socio- 
cultural norms of the students and teacher. 

Methodology 

Duration: 

The longitudinal design chosen for this study facilitated the development of 
stable working relationships among the students (Forman & Cazden, 1985, p. 
331). Dennis implemented this study for the full school year in an attempt to 
minimise one of the main problems in teaching-learning research namely, that 
researchers tend to overlook how most of the results of classroom teaching 
and learning are influenced by continuous and long-term processes 
(Achtenhagen, 1990, p. 647). Soviet research studies which, in the main, 
avoid the short clinical studies typical of most Western research preferring to 
examine instruction as it occurs in school settings over extended periods of 
time, often an entire academic year, also influenced this decision (NCTM, 
1980). 

Student collaboration: 

Research in mathematics education lists many benefits evident in 
collaborative learning environments (Davidson & Kroll, 1991, p. 363). These 
benefits include: increased knowledge or skills, increased conceptual 
understanding, improved attitudes or motivation, improved communication 
skills, improved social skills, enhanced self-esteem, increased efforts to 
achieve, and ability to take the perspective of another person. In addition to 
these Kyriacou and Newson, (1991, p. 44), highlight such benefits as giving 
students a marked degree of responsibility to control and organise their work, 
being more able to sustain effort & concentration, finding such work fun and 
enjoyable, and providing a non-threatening atmosphere. The students in this 
study were engaged in a collaborative, peer interactive environment where, in 
small groups, they shared ideas and worked together to complete academic 
tasks (Davidson & Kroll, 1991, p, 362), 
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By working with others, students can communicatG their ideas about 
mathematics while listening to and making sense of the ideas of others 
(Gadanidis, 1994, p. 94). This and other requirements such as the defence, 
interpretation and communication of findings and by the personal construction 
and reconstruction of knowledge, typify a social constructivist approach to the 
teaching learning environment (Parker, 1992, p. 28). The approach used in 
this study attempted to meet these requirements, not because of any loyalty to 
constructivism but rather as necessary procedures for the effective 
implementation of a collaborative and socially aware learning environment. 
The most significant requirement of working in a collaborative learning 
environment is the need of students for opportunities to make sense of what is 
learned by negotiating meaning. Negotiation in a classroom involves 
discussion and attentive listening, making sense of other's points of view, and 
comparing personal meanings with those of peers (Tobin. 1990. p. 32). 

As the students are already active participants in social practice, they are able 
to engage in and contribute to the development of classroom mathematical 
practices such as discussion, negotiation and consensus as they develop 
their own understandings of the mathematics being studied. Through 
participation, the student functions with shared understanding although their 
use of this shared understanding is not the same as what was constructed 
jointly. It is an appropriation of the shared understanding by each student that 
reflects his or her individual understanding (Rogoff, 1990. p. 195). In most 
instances students prefer to work with others rather than alone, (Higgins. 
1992. p. 2; Corsaro, 1985), and so collaborative learning capitalises on the 
powerful influence of peer relationships and can develop behaviours which 
lead to peer approval and group success (Artzt & Newman. 1990, p. 448). This 
involves taking advantage of the students' already social nature, their prior 
experiences and the fact that collaborative learning taps a natural, childlike 
curiosity for life and the fascination and wonder of learning (LaCombe, 1992. 
p. 7). 

By adopting a collaborative learning technique for this study it was hoped to 
develop greater understanding about the value of such an environment which 
is far from that used for traditional classroom organisation (Forman & Cazden. 
1985, p. 329). The collaboration was not to be restricted to group work 
however, as class consensus was also considered important. For Vygotsky, 
participation in activity, which is social in both senses, was the starting point in 
explaining the development of human consciousness. The students' activity is 
social in two ways. It is socio-culturally defined, and the student's experience 
involves social activity in the sense that he or she participates in "localised 
collectives", that is, concrete social interactional settings involving others. 
These combine in a student's experience when he or she participates in joint 
activity with more capable peers or adults who typically define and regulate 
the joint activity in accordance with socio-cultural patterns. Hedegaard. (1990, 
p. 369-370), found that it is actually possible to make a class function actively 
as a whole through class dialogue and collaborative group work. 
Hedegaard's teaching experiment also differed from traditional instruction in 
that the students were constantly and deliberately forced to act, and a similar 
approach was adopted in this study where the students monitored each others 
activity within their groups to ensure that each student participated as much as 
was possible in the activities. 
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Research in the classroom: 

Vygotsky himself was most concerned with instruction in school (Rogoff & 
Wertsch, 1984, p. 4) but many studies imply one-on-one interactions or at the 
most one small group to the teacher interaction and are probably, in the main, 
reporting on 'laboratory' type research, as distinct from 'classroom' type 
research. Lerman purports that theories and concepts are rooted in practice 
and obtain their meaning from their use (Lerman, 1989, p. 211 • 223). The 
theories Vvgotsky expounds need to be applied to "real" 20:1 student-teacher 
ratio situations as existed in this study. Unlike this study, Moll found that while 
several recent doctoral dissertations had highlighted Vygotsky's work, none 
had exainined classroom teaching or applied Vygotsky's theory in instruction 
(Moll, 1990. p. 2). 

Taking the classroom as the laboratory is a practice often pursued by Soviet 
researchers (Kilpatrick & Wirszup, 1971, p. 1) although in the last few years 
the relation of research to practice is a matter which has been subjected to 
strong criticism, as investigations (if carried out at all) have been preformed 
primarily in laboratory settings; and consequently their results have not 
matched adequately with the real-life conditions of education (Prucha. 1990, 
p. 668). Yet it is not just the adoption of Vygotskian perspectives that best 
situates this current research in the classroom. It seems important to test 
collaborative learning techniques in ordinary classrooms and in already 
existing courses, using simple procedures that can be easily duplicated by 
other teachers (Dees, 1991, p. 411). Research writings cannot on their own 
provide the practitioner with guidance as to the problems that they face on a 
day-to-day basis. It is apparent that if a transformation of classroom learning is 
to occur teachers need to construct local knowledge, addressing the problems 
they faced in the classroom. This implies that more relevant material will be 
found in the actual classroom where one teaches. Hence this study was 
based within the framework of a regular class taught by Dennis. The ultimate 
goal was to construct knowledge through observations of, participation in, and 
reflections about classrooms which then provided the basis for the 
transformation of classroom practice (Roth. 1993, p801). 

Classroom environment: 

To enabling the students to find, create and negotiate their meanings within 
the classroom required a collaborative learning environment. Dennis had 
been convinced by Vygotskian theory that peer interaction was valuable 
because of its potential to take advantage of the socio-cultural forces that 
students bring into the classroom. These forces subsequently made up the 
dominant socio-cultural learning environment of the mathematics classroom 
within which the students worked. Students are situated in many contexts, 
depending on their socio-cultural experiences, and so ways of enabling them 
to find, create and negotiate their meanings within the classroom are needed 
(Lerman, in preparation, p. 8). Being situated in many contexts was a factor in 
this study that determined which groups the students should be placed in and 
the structure of the ongoing classroom environment. The students involved in 
this study were those assigned to Dennis by his school to be one of his normal 
five classes, and the school's wide range of socio-cultural and academic 
background data was used to construct the groups (Webb, 1991). As far as 
learning mathematics (in the context of coming to terms with the taken-as- 
shared mathematics culture) is concerned, the students' classroom 
environment (of which the physical aspect only plays a minor part) is the main 
part of their socio-cultural experience within which that learning occurs. 
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Implementing a study such as this in an all girls school required the authors to 
consider classroom strategies which would enhance the mathematics for girls. 
Strategies such as using collaborative activities, including social and real life 
contexts in as many activities as possible and relating the content to girls' 
experiences and their future roles wherever possible (Department of 
Education. Employment and Training. 1992. p. 3). Other practices which were 
adopted included developing the sensitivity^to know when to intervene to 
make suggestions to the groups and whenlo allow the students time to 
resolve conflicts themselves, balancing the tension between enhancing 
students' individual knowledge and their acculturation to the conventions of 
the wider society, and finding ways to extend and build upon the students* 
thinking (Wood, Cobb & Yackel. 1991. p. 610). There must come a stage when 
student ideas are extended and compared with other interpretations and 
meanings from other discourses (Lerman. in preparation, p. 10). This stage is 
easily provided for in the ^orum of the group. Here the student has the 
opportunity to extend and compare his or her ideas with those of others and to 
engage in considerable discourse among all class members to reach a 
consensus in the sense of a communal taken-as-shared understanding of the 
mathematics. In such an environment it is the role of the teacher to accept the 
students' ideas and work with them, build on them or help the class modify 
them as appropriate in order for all of the students to develop the accepted 
(even if only by the class) meanings. 

Monitoring the environment: 

The My Class Inventory or MCI (Fraser & Fisher, 1983) measures, which were 
taken in this study, enabled the students to regularly feedback their opinions 
on the collaborative, peer interactive ler.ning environment within which they 
studied mathematics. The role of measuring the classroom environment was 
to give the students a voice in determining the success or otherwise of the 
implementation and was one of the unique features of this study. We must 
value and respect what the student knows not just because of constructivism 
but because doing so enhances the students' self esteem and self worth 
(Bickmore-Brand, 1993). By allowing students to have an input as to the 
workings of the environment you can, to a certain extent, accommodate the 
student's previous experience. The study of the classroom environment can 
contribute to the understanding of the social processes occurring within the 
classroom (Moos, 1979; Stern. 1970; Walberg, 1976) and the teacher can 
receive feedback about their students' perceptions and implement changes in 
accordance with the findings (Raviv, Raviv & Reisel, 1990, p. 142-143). 

The teacher and the students together create the classroom social context, 
(Cobb et al., 1990, pi 37), so the teacher must arrange an environment in 
which the students are situated in such a way as to maximise the possibilities 
of the formation of ideas (van der Veer & Valsiner, 1991. p. 53). Findings from 
interventional research that introduces collaborative methods of instruction 
indicate that creating a classroom environment which allows the social nature 
of learning to be expressed, leads to increased learning (Tudge, 1990). Cobb 
(1994, p. 15) argues that neither an individual student's mathematical activity 
nor the classroom microculture can be adequately accounted for without 
considering the other which is another reason for making the environment a 
focus within this study especially as it is partly responsible for the 
development and potential modification of each student's present and future 
attitude to the subject. 

Q Iroland. D V (April. DoveloDlng PnrlnQrshlDs within a SoclQ-Cultufal Classroom: Chanolaa Studont and Tot^chor Rotoa, 
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Hedegaard (1990, p. 84) intervened on existing classroom practices to 
reorganise the learning environment so that the students themselves could 
create a 'classwide' zone of proximal development. Creating an environment 
which allows a 'classwide* zone of proximal development to unfold was a 
primary aim of this study. 

An action research approach: 

This study had multiple frameworks influencing its design including 
awareness of socio-cultural facets to learning, aspects of constructivism for 
teaching, Vygotskian theoretical perspectives and the implementation of a 
collaborative, peer interactive learning environment for a period of one year in 
a 'normal* classroom (all girls) using the standard curriculum of the school. 
The first year high school mathematics course, as prescribed, was facilitated 
by working in collaborative, peer interactive groups and as a result the study 
did not impinge on the normal 'official' mathematics program, (Claffey, 1992; 
Cobb et al., 1991). Such a myriad of interplays required a highly reflective 
approach to this study and hence the dominant methodology chosen was an 
action research process utilising ethnographic techniques. This study was a 
"Study of Singularities" in that it takes account of the happenings in a single 
classroom.. There is no attempt to generalise the findings beyond the 
classroom, but there is recognition that there may be aspects of the results 
which stimulate other teachers to try something similar (Bassey. 1986, p. 21). 
The results of interpretive research are of special interest to other teachers, 
who share similar concerns with the interpretive teacher researcher (Erickson, 
1986). 

Data Sources: 

The dominant methodology used in this study was an action research process 
utilising ethnographic techniques. By admitting into the research frame the 
subjective experiences of both the students and the teacher, this study aimed 
to provide a depth of understanding lacking in similar approaches (LeCompte 
& Goetz, 1982, p. 32). One of the main problems in teaching-learning research 
is that researchers work with selected students or groups, and not with all the 
individuals in the class (Achtenhagen, 1990, p. 647). This study expands on 
this requirement since all of the students in the class were the focus of 
observation as individuals, as members of groups and as a class. In fact this 
study is more characteristic of observational research than ethnographic 
research (Evertson & Green, 1986). 

One does not need special training to be able to understand the results of 
such research (Erickson, 1986). The best way to learn how to do ethnography 
is to do it (Gallagher, 1984). Such fieldwork based research requires skills of 
observation, comparison, contrast and reflections that all humans possess. 

The school had a wide range of socio-cultural and academic background 
data from which the information to construct the groups could be drawn 
(Webb, 1991, p. 379). Such information tends to be richer at the point of entry 
to the school and has not been coloured by teacher perceptions of the 
students which tend to develop and exist after their first year in a school. 
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Parental input was higher for these students through the standard use at the 
school of Year 8 parent information evenings and \he 'natural* interest and 
concern of the parents for their children as they settle into their first year at 
high school (O'Connell, 1992, p. 12). Thus first year students. Year 8. were 
chosen as the research group for this study. They were new to the high 
school and therefore had very few set ideas* on the way the class would 
operate and so were more accepting of the intended work environment 
(Midgley, Feldlaufer & Eccles, 1989, p. 988). More senior classes often prefer 
environments which they have become accustomed to or comfortable in and 
are therefore less accepting of any alternatives. 

Triangulation in interpretive style studies such as this, is a technique which 
provides more and better evidence from which a researcher can construct 
meaningful propositions about the social world. Its value lies in providing 
evidence for explanations of the social phenomena observed (Mathison, 
1988, p. 15). As Miles and Huberman (1984) suggest: 

... triangulation is a state of mind. If you self-consciously set out to 
collect and double-check findings, using multiple sources and 
modes of evidence, the verification process will largely be built into 
the data-gathering process, and little more need be done than to 
report on one's procedures, (p. 235) 

The data sources for this interpretive study include; collecting and analysing 
audio recordings of each days lessons. Dennis's daily field notes, his weekly 
and monthly summaries of the observations (Enright. 1981; Guba & Lincoln. 
1982; Maher & Davis. 1990; Erickson, 1992); independent observations and 
i idividual student interviews by a teacher colleague v;ho inten/iewed the 
students during several lessons focusing on specific issues that had arisen, 
asking set questions in all but the last couple of sessions when the students 
had the opportunity to say what they liked; photographs of the groups working 
and John's field notes and analysis notes on the direct observation and video 
recording of nine lessons each of which focused on some aspect of the 
environment which we wished to examine and was then reviewed shortly 
after recording. 

Relevant student attitude and classroom environment measures were 
collected using the MCI surveys (AEC, 1990; Fraser, Malone & Neale, 1989; 
Fraser & Fisher, 1983; LeCompte & Goetz, 1982) and these were used to 
provide feedback on ways of improving the environment from the students 
perspective v;ith the teacher and the students jointly discussing the outcomes 
of each survey. Subsequently the teacher would implement changes to the 
environment to more closely align it with the individual, group and class 
preferences. 

In addition, questionnaires and class tests were collected to supplement the 
data, contribute to triangulation and help generalise interpretations 
(Eisenhart, 1988; Mathison, 1988). One such item was the 'buddy reports* 
which came from the placement of one student in a different group for one 
week who then supplied Dennis with a 'independent' report on aspects of 
that group's collaboration. 

-# 
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The observations and interactions with the class occurred over the full school 
year helping to maintain a 'natural state' in the classroom (Gallagher, 1984). 
Some very rich data or information has come from some of the surveys the 
students have completed and they remained frank, open and honest about 
the class throughout the year. 

The methodology used in analysing the data corpus involved the following 
procedure. Daily reports were summarised from each audio tape in 
combination with the daily field notes as soon as possible after the lesson, 
then weekly reports were summarised from each weeks set of daily audio 
notes and daily field notes. At the same time any special events that occurred 
during the week are written up such as a set of observers field notes, the 
analysis of an attitudinal survey or the review of a lesson on video tape and 
any test data collected throughout the week. Monthly reports were compiled 
after three or four weeks based on the weekly reports and developed in more 
of a 'story' style using themes to focus the observations (Carter, 1993, p. 8). A 
term review was written at the end of each school term to focus on the 
methodology of this study and examine the effectiveness of what had been 
achieved and what needed to be further developed in light of the aims of this 
study. 

Fi ndings : Observations from within a socio-cultural perspective 

We start with the findings from the observations that have been made of this 
collaborative, peer interactive environment, taken from the perspective of the 
multiple frameworks which guided this study, and which support our 
conclusions regarding the success of the implementation of such an 
environment. Such a perspective gives importance to learners developing 
their social skills, reflecting on their observations, collaborating with peers, 
negotiating meaning and arriving at consensus. In addition this perspective 
requires the teacher and the students to take account of their own social 
experiences and those of others and value these as important contributions 
to their learning. 

The following observations ( in itaCics) relate to these, and other aspects of 
the students who were being studied. These statements are drawn from 
Dennis' daily diary ( Ml = first monthly field notes review, M2 ~ second 
monthly field notes review, and so on ). 

Social aspects: 

Social constructivism sees mathematics as both a cognitive activity 
constrained by social and cultural processes, and as a social and cultural 
phenomenon that is constituted by a community of individuals (Wood, Cobb 
and Yackel, in press). Such a view takes account of students' socially 
situated mathematical experiences and sees as complimentary the cognitive 
and social processes of the students. In our research we found that while the 
socio-cultural viewpoint guided our analysis we utilised some aspects of 
social constructivism as theoretical support for our approach. 
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Students begin their mathematical experiences at home, (AEC. 1990). where 
they are active, social individuals making sense of the world through their 
communications with other people and ♦his activity helps the students to 
clarify their thinking and sharpen their understandings (NCTM, 1989). 
Families are groups (Australian Association of Mathematics Teachers, 1992) 
and research suggests a view of mathematics classrooms that makes close 
contact with communication and social interaction, as emphasised in the 
NCTM Standards document (Research Advisory Committee of the NCTM, 
1988), as well as with the socio-cultural context of mathematics education. By 
communicating and interacting socially the students open up their world to 
examination and see the world of others for comparison. Some examples 
from this study of the influences of this socio-cultural interaction follows. 

• nTte students have made comparisons Between their mathematics 
and their ^Cigicus "Education cCasses. ( M3 ) 

♦ The students taCf^to other students outside of the cCass which can 
resuCt in discussion (eading to re-mgotiation, peer teaching 

or the resoCution of a class Sased misconception. ( M4 ) 

Vygotsky (1962) argued that students learn in social situations by initially 
imitating a more accomplished peer or adult in a collaborative social setting, 
and gradually take over the regulation of learning from the other person to 
solve the task for themselves. The findings of a study by Douglas and Sutton 
(1978) are regarded as supporting Vygotsky*s theoretical assumption that the 
major impetus for student*s development comes from the opportunity for 
interaction with supportive adults (Ireland, 1986). Every classroom can claim 
to fit such a model as the teacher is always a supportive adult. In this study 
such interaction between student peers and between the students and the 
teacher was constantly encouraged. One observation of the class being 
studied shows that things are not always as social as one might prefer. 

♦ Sometimes the students onCxj interact when querying answers 
and correcting the teacher or negotiating or cCarifying or 
checlQng anszaers or the marling procedure. ( M4 ) 

We must value and respect what the student knows, not just because 
consiructivism says we should, but because doing so enhances the students 
self esteem and so the teacher should attempt to shift the focus from his / her 
self to the student. Role change is important where the teacher becomes 
student and the student becomes teacher (Bickmore-Brand, 1993; Larsen & 
Pfitzner, 1993). This allows more peer interaction as everyone becomes a 
valued member and teacher within the class (Behounek, Rosenbaum. Brown 
& Burcalow, 1988). Teacher-student interactions in classroom roles are not 
always reversible, but in peer interaction, roles may be easily reversed, 
directions may be given as well as followed and questions both asked and 
answered. This places significant value on peer interaction in a student's 
development (Ireland. 1986). The class in this study enjoyed considerable 
success in enhancing the learning environment through teacher student role 
reversal and through peer interaction. This happened in many ways. 

14 
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• 'KigftCigfiting student methods and]pointing tfiem out to the cCass 
values student input. ( M5 ) 

• Several students offer advice, ideas, methods etc. to the other 
students so the teacher is not the onCy teacher. ( M6 ) 

Reflection: 

Students who work at problems in groups have to verbalise how they see the 
problems and what they intend to do about them. This is one way of 
generating reflection, which requires awareness of what one is thinking and 
doing (von Glasersfeld, 1993). Being clear on what you are saying, working 
from where you are at, indeed knowing what you know are al! key issues for 
the student learning in an environment as was operating in this study. The 
following observations illustrate the variety of ways in which the students are 
assisted by reflecting on their work. 

• O^aving to demonstrate a concept to others on the hoard 
nwl<ies the students cCarify their own ideas first. ( M1 ) 

• Sislqng students to CT^ptain their answers often leads to 
clarification of the students misconccj, : lons. ( M1 ) 

Such learning involves progress in developing and implementing new skills 
and being able to express these. An example is reminding a student to take a 
step that is understood. This is the preferred strategy because, as Wertsch 
(1979) points out, it encourages the shift from other regulation to self 
regulation which is the goal of collaborative work (Ireland, 1986). The teacher 
is constantly engaged in facilitating this shift as these observations show. 

• The teacher moves around among the groups, discussing their zvorl^ 
challenging their understandings, getting the students to clarify 
and express their ideas orally. ( M2 ) 

• The teacher encourages the students to use methods which are right 
and which work^for them no matter how simple. ( M6 ) 

Collaboration: 

Soviet psychologists see students as taking an active part in learning, 
structuring their experiences and environment rather than simply reacting to 
them (Kilpatrick & Wirszup, 1969). Learners construct their own meanings 
from, and for, the ideas, objects and events which they experience and from 
the influences of their peers in the collaborative environment. It is now widely 
accepted that learning is best thought of as an active and productive social 
process on the part of the learner (AEC, 1990). 
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Examples of such activity are given in the following observations from this 
study. 

• The students arcfairCy poCite in discussion and tal^S^ turns to taCk^but 
at times the 'aCC taCf^at once' mode occurs and seems just as 
effective, ) 

• T>ata sharing occurs for some (ength of time, in quite an open, sociaC 
enxnronment, The cCass discusses the resuCts and the teacher 
contrasts the cCass resuCts with reaCzvorCd e;(amp[es andzuith the 
individuaC student's resuCts, ( M3) 

• The students are continualCy CTqpCaining, discussing, questioning, 
debating and conjecturing and good discussion accompanies 
development of the concepts, (M4) 

• The students are in a very coCCaSorative, open discussion type mode 
as they are zvorlqng quietCy and effectively througfi the activity, (M5 ) 

To have an inconsistency or "error" explained by a peer is far less paintul 
than have the teacher tell you that you are wrong (von Glasersfeld, 1993). 
Peer support and help is vital to the successful implementation of the 
collaborative environment and the students perceive such support as 
essential to their own and their groups progress. Evidence of this sort of 
support can be found in the next set of observations. 

• Students are no Conger reluctant to support each other or 
question each others ideas ^ ( Ml ) 

• "When the teacher analyses an incorrect student answer and uses this 
analysis to redirect the students focus the student can aclqtowledge 
that the original comment was on error yet still save face from the 
discussion, ( M2 ) 

• The students interact openly, correcting the teacher, correcHng each 
other, contributing answers, providing answers the teacher does not 
have, { M6 ) 

• They are quick^to jump in to discussions to correct anyone, ( M6 ) 

If peer teaching is to be used effectively, students must be able to work in 
groups while the teacher must be able to watch students learn and discover 
entirely on their own. There is little research to guide teachers in the selection 
of practices that are conducive to facilitating learning when control is 
assumed to be with the students rather than the teacher (Tobin. 1990). The 
teacher*s role is to be a guide, and to support and suggest when questions 
arise, not tc answer the questions, but direct and guide the students (Mann. 
1990). 
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This concept also extends to the students as the observations below show. 

• If student opinions are important andvaCutd tfien tfie teacfier must 
fo[[ozu up on student initiated tfiougfits and ideas. ( M1 ) 

• If students suggest correct alternative answers tfie teacfier leaps on 
tfiese and praises tfiem to encourage tfiese students. ( M6 ) 

The work is not always collaborative nor interactive however as the following 
observation illustrates, 

• Some students zoom ahead and don't worry aSout their group and 
these peopCe tend to teCC the others the solutions rather than eTcpCain 
thenu ( M3 ) 

Negotiation: 

An environment should be established in the classroom that places critical 
thinking at the heart of instruction. In an environment such as was established 
in this study everything stated or written or expressed in any way was open to 
analysis by all who are participating in the teaching and learning. Both 
teachers* and student's statements should be open to question, reaction, and 
elaboration from others in the classroom. The students had to tDe supportive, 
as suggested before, but they also needed to be able to develop ideas 
collaboratively and to be able to negotiate their own meanings 
intersubjectively. So the environment depends on all members of vr.e class 
expressing genuine respect and support for one another's ideas (NCTM, 
1989). Such support is often noted in this study as the following observations 
highlight. 

• In discussion the students were eagerCy supporting each other, 
talQng each others points up and developing them further until 
eventually they had all convinced themselves they were right ( M3 ) 

• 77te students volunteer answers as each activity is discussed and the 
class mal<ies comment whenever disagreement or confirmation is 
required. TTiet/ discuss their methods, promote each others 
statements, put forward their points of view, discuss those of others, 
attempt to illustrate the meanings of new terms, support or correct 
each other as required and generally show a very colCaSorative and 
supportive environment. ( M4 ) 

Students need to be given opportunities to make sense of what is learned by 
negotiating meaning (Tobin, 1990). Getting the right answer is important but it 
is not as important as working at a problem and investigating the possibilities. 
Group work involves asking questions, giving answers and getting answers 
(Linn & Burbules, 1993). 
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Some of the observations below discuss questioning and answering, 

• 'TTte teacfier positiveCy guides students tfirougfi tasl<:s redirecting 
their thoughts on the activity which is Better than just saying 'you're 
wrong, do it again. ( M1 ) 

• ^hen the teacher and the students are instructiveCy zi/orl^ng 
through answers the teacher rnvst respond to muCtipCe suggestions, 
exaUing the most correct, aclQwwCedging and praising the nearCy 
correct and Budding on and redeveCoping the incorrect. ( M4 ) 

• When questions cannot Be resoCved within the group then they are 
put to the whoCe cCass rather than Being answered By the teacher. 

(M6) 

Explaining something to a peer usually leads to seeing things more clearly 
and often results in spotting inconsistencies in one*s own thoughts. If students 
are able to explain something to a peer they boost their own confidence and 
may sometimes correct themselves in the process. When a small group 
explains its "solution" (irrespective of whether it happens to be viable or not ) 
to the whole class, this provides a wonderful opportunity for learning (von 
Glasersfeld, 1993). Many opportunities exist in the collaborative, peer 
interactive environment for the students to explain things to each other as the 
following sample of observations illustrate, 

• CCass discussion of soCutions was Based totaCCy on student answers 
which involved coCCecting severaC responses to mafie the points 
cCearer and determine their correctness By actuaCCy drawing them 
and testing them on the BCacl<:6oard. { M2 ) 

• One group has trouBCe resoCving a set of questions But one of their 
numSer seems to convince and ep(pCain to the others eventuaCCy how 
todoit.{M6) 

• "iVhen some stril<ie conflict with their answers the students in those 
groups immediateCy go into 'teacher correct' mode and not just 'teCC 
tftem' mode. ( M6 ) 

The benefits of team-work and sharing lead to self regulation because it 
encourages the student to infer or develop a situation definition that will 
explain teacher or peer utterances (Ireland, 1986). 

Consensus: 

Teachers can foster a willingness to share by helping students explore a 
variety of ideas in reaching solutions and verifying their own thinking. This 
approach instils in students an understanding of the value of independent 
learning (NCTM, 1989), 

18 
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One of the observations from this study illustrates this point. 

♦ WHen the doss sfiared a misconception tde teacher made some notes 
alongside a student's solution to (tigfitight tfte misconception at wfdcfi 
point the students saw the proBkm and altered their answers. ( M4 ) 

The teacher must encourage the students to develop a consensus when 
discussing in their groups, refraining from giving 'the' solution but rather 
building on the students work to develop concepts and understanding. 
Students should be encouraged to explain their reasoning in their own words 
and to listen to their peers and their teacher describe other strategies as this 
helps the students refine their thoughts and the language they use to express 
their thoughts (NCTM, 1989). These observations from this study illustrate this 
point, 

♦ Qroup consensus sometimes precludes the need or the desire for class 
consensus, { Ml ) 

♦ iTt^ 'pro7(imal zone' is open and peer teaching is in full swing when 
the students lead a class discussion of results and resolve each 
others mistaf^. ( Ml ) 

The teacher should never present a solution as the only one (von 
Glasersfeld, 1993). The following observation illustrates this point. 

♦ n^ie teacher will of ten admit that the presented solution is not the 
only possiSle one and give e?camples which show the process hut 
don't actually worl^. ( M3 ) 

The role of the teacher during instruction includes encouraging the students 
to guess courageously, being willing to entertain suggestions from students 
and suspend judgment about their ideas, help students evaluate one 
another's suggestions and to critically reflect on them by anticipating 
objections and consequences (NCTM, 1989). The next observation from this 
study illustrates this point. 

♦ Tlte teacher can agree with incorrect responses or at least not reject 
them, which prompts the students into responding or commenting 
thereSy creating a need for correction or adjustment or e?cplanation. 

(M2) 

Prior Knowledge: 

Another important aspect of the social cultural framework is that of taking into 
account knowledge which the student already possesses or has 
experienced. Students taring to the classroom a wide range of backgrounds 
and experiences. To assist the learning process, teachers should try to build 
upon the students' previous experiences and draw on the students' varied 
backgrounds as they try to challenge and extend the existing ideas and 
knowledge that the students have (AECj^1^91). 
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The learning experiences which are provided should build on the strengths 
which the students bring to the classroom (AEC. 1990). If teachers take time 
to discover why a student has made sense of the world in a particular way 
and what assumptions the students are working with, they will be in a better 
position to know what kinds of arguments and evidence will persuade the 
students (Burbules & Linn, 1991). The observations which follow illustrate 
some of the prior experience events which have been noted in this study. 

• presence of prior concepts can restrict any change in BeCiefs 
as to what works and how it work§, ( M1 ) 

• "When the students cling to their past values ar d^ e:^eriences the 
teacher must attempt to incorporate these as the new version of the 
concept is developed. (M1) 

• SI lot of prior fqiowledge was evident as student input was used to 
form and lead a discussion of the 9detric system of units, ( M3 ) 

• ^The students commented that their ((knowledge of non-metrics was 
from their personal e?:periences, ue, strong cultural influences/ 
e?:periences were evident.(UZ) 

• ^Mathema tics is evident to the students in their non-school 
environment. ( M5 ) 

• njfie students explain their previous^ e?(periences with this activity 
when the teacher ask^ if they have done this Before undone student 
notes the common term for a specific maths actimty, which others 
agree with, showing their past e?(perience. ( M5 ) 

• The teacher has the students checf^within their groups for 
experienced people. All have some But the students Bacf<:ground has 
different procedures to what is now required. ( M6 ) 

• ^e teacher points out that there is a practical use of this exercise 
and the students add further to this with their own e^qieriences. ( M6 ) 

Mathematics learning is likely to be enhanced by activities which build upon 
and respect students' experiences. While students in any particular 
classroom will have much in common, they also bring to the classroom a 
wide range of different experiences which should be valued and 
accommodated (AEC, 1990). With such a wide range within the student 
group the teacher can almost always illustrate a concept with one of the 
students inputting an experience or relevant comment. Learning is a process 
of making sense of experience in terms of prior knowledge (Tobin, 1990). 
Much of what the teacher does in the class can relate to these past 
experiences as the observations which follow show. 

• The teacher compromises and incorporates some of the students 
Bacligrounil e\perience into the procedures. ( M2 ) 

• 'Wlten students make comments aBout personal experiences to do 
With a topic 'colour' and 'reality' are added to the lesson. ( M4 ) 
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• Zlsing student exflmpfes rtwre often and oSserving tke students wfien 
they give anszuers or discuss soCutions can enhance tke teackers 
understanding of the students conceptions. ( M6 ) 

It is crucial for the teacher to get some idea of what concepts the students 
have and how they relate to them. Being aware of the students background 
serves to highlight to the teacher areas of weakness which might have 
othenwise escaped the teacher's attention. The teacher must also create 
situations where the students have the opportunity to experience the 
pleasure inherent in solving a problem, as successful thinking is far more 
important than "correct answers". 'At best, the teacher can orient the students' 
constructing in a fruitful direction, they can never force it' - Maria Montessori 
(in von Glasersfeld, 1993). 

Prior knowledge can be gleaned by the teacher from the students in order to 
identify an approach which the teacher might then take to develop an activity 
or it might provide the basis for extending the students concepts beyond their 
present level. The students' background can even be the stepping stone to 
the next concept to be learned as the following two observations highlight. 

• !A. student asl(ed a question aSout worli^we had not yet done and 6y 
addressing this "j/ithin the conte?ct of Iqwzim n/or^the proSCem was 
pCaced within ine students potentiaC and a soCution was negotiated. 

(M2) 

• % surveying the cCass and monitoring student progress the teacher 
can determine which areas need a more detailed step-Sy-step 
procedure for the students tofoCCow. ( M4 ) 

Results: 

As the researcher, Dennis would say that aspects from each framework of this 
study have had a positive impact on the students' learning. As the teacher he 
has seen much of the work being done in the groups operating in the 
collaborative peer interactive environment to enthuse him towards these 
approaches. Many times the work has been enhanced by drawing on the 
students for their experiences and by building on what they already know. 
Having the students discuss their ideas and develop consensus in their 
groups has improved their understandings and they seem to have fairly 
positive attitudes to their work, the class and the subject. By asking the 
students you get an honest 'users view' of how all of this is impacting on 
them. 

The observations which follow show examples of such inquiries. 

• The teacher stops the students worfQtig and as 1^ the cCass a 
question: ''Does anySodyfeeC that in today's fesson they got heCp 
from someone in their group which made them, the person xuho get 
the help, fce( Setter, more confident, more aBCe to do the worl<i 
compared to if you hadn't got any he(p? 'M'and up if the ansxuer to 
that question is Cfes pfease. 

Si.x. s tuden ts pu t up th eir hands. ( M6 ) ^1 
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• O^ar the end of tfie Usson the teacfUr as(:pi: 

(i) flow many students fdt tftat tdey fiad no more (qiowUdge aBout 
these ideas than that which they came to cCass xoith, feCt that they 
were Uaving without anything improved on what they did? 
9(pne said yes; 

(ii) how many feCt they were teaving more confused after today's 
Cess on? 

^ppro?(imate[y one third of the doss responded positiveCy to this 
question; 

(Hi) how manyfdt they were Setter off, had cCarified some ideas 
today? 

Appro7(imate[y two thirds of the doss responded positiveCy to this 
question of whom some said 'Sits' were cCearer. ( M5 ) 

Disconfirmina evidence: 

Action research, or research in the ethnographic style, necessitates a careful 
search for alternative or disconfirming evidence and the elimination of rival or 
alternative explanations, both in doing the research itself and in presenting 
the findings (Eisenhart, 1988). In the final analysis such disconfirming 
evidence is discussed in the context to which it applies but the following 
selection from this study is collected here to highlight this aspect of 
ethnographic research and to emphasise the events so identified. These 
examples of incidents noted during the fieldwork tend not to support the many 
theories permeating through this study nor the interpretations or 
generalisations which have been drawn from the data corpus. 

• In attempting to accommodate student ideas, which are poorCy 
founded or are Sased on prior (qiowUdge concepts only, an issue or 
new concept can Secome tost anduncUar. ^following student themes 
or ideas can aCso create confusion when dealing with a new concept 
Beyond the immediate reach of some students. ( Ml ) 

• Sometimes the teacher answers his own question, gets the students to 
foCfow set steps to confirm a result, uses language and terminology 
tuithout it having Seen previously e?(plainedor defined, and even 
goes through solutions giving the answers. { M4 ) 

• The time pressure of completing a course does not always reflect 
favouraSly in tke'hacher's attitudes. ( M4 ) 

• The teacfier may give a very dictatorial e?(position ( de-structivist vs 

con-stnictivist ) using only the occasional student contriSuted idea. 

(M5) 

It could be construed that such evidence adds to this study much more than it 
threatens it, as it encourages the teacher-researcher to reflect on the 
pedagogical environment and this study's research questions. Searching for 
and finding such evidence focuses the awareness of the teacher-researchet 
to the true nature of the classroom interactions. 

^ Ireland. 0. V. (April. 1995) ppyolppln g Parlnorshlps wlihin a SoclQ-Cultufal Cla ssfoom: Changing Student and Toachor RQtoa. 

[\C] Paper presented at the annual nweling ol the American Educational Research Association. San Francisco. 



21 



As action research is reflective, the search for disconfirming evidence allows 
the researcher to maintain a true and correct focus on the objectives of this 
study and they allow the teacher to reflect on and build a better environment 
for student learning. In doing so this study is strengthened. 

Reviewing the observational data . 

Viewing the data presented in this article from a socio-cultural perspective 
highlights the importance of the learners developing the social norms for use 
in the environment (Rogoff, 1990), reflecting on their work, collaborating with 
peers, negotiating meaning through discussion (Huber 1990; von 
Giasersfeld. 1-991; Lochhead, 1991), arriving at consensus and accounting 
for the background knowledge each student brings to class (Baroody & 
Ginsburg, 1991; Cobb et al.. 1991). 

The observations revealed the social outcomes evident among the students, 
for example listening, caring for the progress of others, negotiating 
explanations and solutions into a group consensus, peer teaching, providing 
help and guidance where needed (Rogoff, 1990), feeling less threatened 
through the sharing of problems and sharing marks based on group 
assessment (Slavin, 1986). We can also see from the observations that using 
peer interaction reduced the demands on the teacher and allowed that 
'resource' to be directed to areas of need more frequently. One of the most 
valued outcomes was that students often saw things more clearly for 
themselves and could even spot inconsistencies in their own thoughts by 
explaining something to their peers. This also led to considerable discourse 
as students felt free to indicate whether they agreed with, disagreed with, or 
simply didn't understand the explanations of others (Wood et al., in press). 
Such discourse has been highlighted by social constructivism as central to 
the effective development of the learning situation and was indeed one of the 
facets of the constructivist perspective that the authors could see functioning 
within this study. 

Findings : the evaluation of the classroom environment by the students 
using the MCI 

Interpretive or action research such as was carried out in this study is 
reflective and as such tends to be cyclic in its methodological execution 
(McNiff, 1988; Hall, 1994). Observations are made in an attempt to provide 
information regarding the questions posed, material such as tests, sun/eys 
and questionnaires are collected to supplement the observations, then an 
analysis is carried out on all of the collected data and in this study this 
enabled a "correction" to take place to enhance the environment and then the 
process started all over again through further observation. 

The cycle described above was fully operational every four weeks or so 
throughout this study. The field notes and audio recordings which generated 
the weekly summaries tended to reflect set patterns in the classroom routir.e 
and set trends in the behaviour of the teacher and students working in the 
collaborative, peer interactive environment. For the teacher who is also the 
researcher these trends and patterns are sometimes difficult to see. 
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Making the familiar strange is a necessary condition to effective observation 
and the way this was overcome in this study was to rely on the students' 
opinions about the environment (Gallagher, 1984). Their opinions had 
primacy in the collected observations as it was considered that the 
environment had been implemented for their benefit, in terms of creating an 
effective learning climate, and so if the students had opinions which required 
an alteration in the way the environment was structured or was operating 
then changes were made to affect such alterations. 

The authors consider this process to be one of the unique features of this 
study. It was often the case that the students views and opinions made what 
was familiar to the teacher suddenly seem strange. The process also had the 
effect of altering the power relations within the classroom as the use of 
student feedback to control the ongoing modification of the learning 
environment, making it adaptive to thefr needs, empowered the students to at 
least equal status with, and sometimes beyond, that of the teacher. 

As an example of the student input into the analysis of the environment the 
following set of findings are presented. They represent the classroom 
environment measures covering the first six months of this study and were 
obtained using the MCI learning environment instrument (Fraser & Fisher, 
1983). The full analysis of the year long study's findings from the MCI 
learning environment instrument includes individual student surveys, group 
based surveys and class based surveys. The results presented here are the 
more general class based findings from the first semester which contained 
four such surveys. 

TABLE 1 



Results of. the My Class Inventory Survey Number 1 





Satist'aciion 


Friction 


Competitiveness 


Difficulty 


Cohesiveness 


Actual 


12.583 


7.083 


10.153 


6.944 


9.792 


Preferred 


14.639 


5.583 


7.056 


6.375 


12.736 



Table 1 above illustrates the class responses to the first MCI survey 
conducted after the class had been together for only 9 lessons. On all scales 
the students sought improvements in the environment. In terms of the 
measures the students indicated that they are highly satisfied and that the 
difficulty level of the work seems quite low. In particular they required 
improvement in the level of cohesiveness and preferred less 
competitiveness. Each of these results suggested that at this stage the 
collaborative processes had not yet fully developed. A graphical 
representation of the first survey is shown in Figure 1 on the next page. 
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Figure 1 

Results of the My Class Inventory Survey Number 1 

The second MCI survey was conducted after the class had been together for 
nearly six weeks. Four of the scales showed innprovennents in the 
environment but on all scales the students sought further improvements. In 
particular they required improvement in the level of satisfaction, which was 
the one scale to fail to improve, although the measure of the actual level of 
satisfaction is still very high. In his review of this survey with the students 
Dennis commented that these were near perfect results and certainly showed 
an improvement in the right direction from the first survey. The third MCI 
survey was conducted in the second school term after the class had been 
together for twelve weeks. This survey reflected an increased level of friction, 
a decreased level of cohesiveness and the increasing level of difficulty of the 
topics being studied as the course incorporated less review work and more of 
the high school curriculum. Improvements in the environment were made on 
the scales of satisfaction and competitiveness. 



TABLE 2 



Results of the My Class Inventory Survey Number 4 





Satisfaction 


Friction 


Competitiveness 


Difficulty 


Cohesiveness 


Actual 


12.194 


7.028 


9.056 


7.972 


9.597 


Pret'eiTed 


14.417 


5.306 


7.500 


6.806 


11.778 



Table 2 above illustrates the class responses to the fourth MCI survey 
conducted after the class had be^n together for nearly seventeen weeks. It 
was administered a few days after the students had completed their major 
semester exams and prior to their receiving their grades for those exams. 

: 
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The survey reported a favourable reduction in the level of friction but the 
students were less satisfied, working less cohesively and, had experienced 
more difficulty in the topics ( and perhaps in the exam ) and more 
competitiveness within their groups. The students were aware that their exam 
results were going to determine their class allocation for next term. Overall 
the results of this survey were very similar to those from the previous survey 
with. A graphical representation of the fourth survey is show in Figure 2 
below. 
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Figure 2 

Results of the My Class Inventory Survey Number 4 

Examining the figures for the students 'actual' measures on each of the 
scales for MCls 1 through 4 shows how the satisfaction scale measure went 
down then up then down again, finally finishing up lower than it started 
whereas for the difficulty scale the measure went down initially then during 
second term it went up and then up again, finishing higher than it started. 
Examining the figures for the students 'preferred' measures on each of the 
scales show that the students ended the semester preferring a lower level of 
satisfaction, a higher level of competitiveness, more difficult work and less 
cohesiveness than when they first started. Such figures may indicate a 
degree of acceptance of the features of the environment and reflect their 
perception that things are not going to change all that much or all that quickly 
as perhaps they would prefer. 
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Reviewing the MCI data . 



In attempting to monitor the students' attitudes towards their changing 
classroom environment, this study took the somewhat unique focus of placing 
the students in a position of control and in attempting to execute changes to 
facilitate the kind of environment the students preferred. The data from the 
MCI surveys reviewed in this paper show that the students initially had 
opinions about their preferred learning environment which were very 
compatible with the actual environment, but that they still had even higher 
expectations as to what it could achieve. The satisfaction scale showed 
improvement over the first three measures but this was lost by the fourth 
measure. The students were very demanding in their preferences on this 
scale but the measure did reflect a consistently hiq»1 result in terms of their 
actual level of satisfaction. The friction scale fluctuated between consecutive 
measures from improvement then decline and then improvement again. The 
friction measure reflected of the level of negotiation and consensus building 
that was occurring. The competitiveness scale showed constant 
improvement. The students did acquire improved levels of collaboration and 
hence the environment reflected this in the constant decline in 
competitiveness. The difficulty scale showed initial improvement but then the 
work became more and more challenging over the next two measures 
reflecting the difficulty within the mathematics course. Finally the 
cohesiveness scale showed considerable initial improvement but then this 
steadily declined over the next two measures although it did show that the 
cohesiveness scale had improved over the full semester. 

Over the course of the surveys the impact of many facets of the developing 
environment could be seen to interplay on the reactions and opinions the 
students registered as to the environment. Facets such as the increasing 
level of difficulty of the course work, the students development of 
interpersonal social skills and collaborative work techniques and the effects 
of external examination which influenced the students acceptance of a 
greater level of competitiveness as the semester progressed. Coupled with 
the observational data, the MCI data encourage the authors to highly 
recommend the use of an environment such as that described in this paper 
and to also encourage teachers to monitor their teaching learning 
environment for the students input. This certainly led us to develop a more 
effective classroom. 



Findings : peer evaluation or *buddy' reports 



Another unique feature from this study involved the use of the students as 
observers of each other within the collaborative, peer interactive learning 
environment. Monitoring can be done using a student as an observer or by 
the group itself (Schultz. 1990. p. 44). The opportunity for this student based 
observation came about as a result half of the class going on camp during 
week seven and the other half going during week eight. The groups were 
restructured as follows during the first camp week and the reverse procedure, 
(in brackets), applied during the second camp week. The groups which 
usually had four (three) members, each lost one member and the groups 
which usually had three (four) members, each lost two (three) members. 
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Therefore, the individuals left over were appointed by the teacher to fill the 
one gap in each of the remaining groups. On appointment, the individual 
student was advised of the teacher^s desire that they observe the group they 
had been appointed to and at the week's end report on the collaborative 
behaviours of the other students they were joining in with. Towards the end of 
each week it became clear to the teacher that the students were aware of 
what was going on and so the reports which the Visiting* students wrote 
about their respective 'host' groups became known in the class as the *budd/ 
reports. One problem remained however. Each of the six 'buddies* had not 
themselves been observed or commented on and so, during the next two 
weeks it was organised for observations to be made of these students by their 
peers. As a result a 'buddy' report was collected on each student. 

The following extracts ( in ita[ics)irom the data corpus represent highlights of 
the 'buddy' reports as presented to the students' parents during one of the 
parent information evenings that occurred during this study. The fact that 
these were peer evaluations was clearly explained to the parents and the 
reports had a very favourable reception. The variations in the extracts are the 
result of the students differing reporting styles which have not been altered or 
edited. 

Jenny: S^CC fiometuorliifias Seen done and Cool^s aCC correct. Sit messy 
though. CBetty: ^id not have 6oof<i, 9{gtsure if homervorliis done. ComSined: 
TTtez/ works-d together e^ermly weU. ^oth came up with good points today 
in 9daths when we were doing e?iercises. OveraCC ; iSez/ worl(^ together 
extremeCy weCCandget their worl<idone quicl(i[y. Cathy was just acting nice 
because I was there. She isn't usuaCCy aCC that nice. She didn't do aCCthat 
much and she wasn't much heCp. 

Simanda is very smart But just not as smart as (Denise. Simanda depends 
much more on the group than (Denise does. Sometimes it [ool<:s [il<:e she 
struggCes a Sit Sut other than that she seems to Se doing weCL "Emma wor^ 
very weCCwith her group, Sut sometimes is quiet and won't contriSute. 
'Emma compCains that (Denise does 'soCo' worf^and doesn't contriSute the 
their group. 

T'aye is a f^nd person. In our maths group she aCways shares her answers 
and is wiCCing to Cisten to the other girCs. Qwen is a shy, quiet person. She 
worf^s hard on her answers and proSCems when she has answered aCC of the 
questions she waits for another memSer of our group to give an answer first 
Sefore she discusses hers. 9^aySe she is afraid of speaking up first Secause of 
her shyness. iHifCary is quite humorous. She works out her answers very 
quickfy Sut is very reCuctant to participate. She t5 unwitCing to discuss and 
share. "But I (ike her!!. IsoSeCis a hardworking student. She concentrated on 
what to (cam and when she understood she made sure everyone eCse 
understood and then toent on taith the activities. I think^she puts in a fot of 
efjort, compared to some other students. On top of aCf that IsoSeC manages to 
have a smile on her face afC day. c o 
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9(frry is sensiSU, tries hard and does her hoimworf:^ ZlnfortunateCy 9(^rry 

sometimes doesn't understand things and gets very confused. 0(prry is eager 

to [earn and can get the groups mar(<:s to a higher position. Louise needs 

someone in her group that has a good (qwtuledge of maths and who 

understands it and can 6e good at eTqpCalning questions. 

9dary is very Bright 6ut Cazy and doesn't do her homezuor^^But in cCass she is 

quite good and gets most of the questions right quic^y. 

yvonne is a good zuor^r who ready tries hard But Coses her concentration 

easiCy. OveralC she is a good worfi^er. 

9{^rissa is not used to worlqng in a group and doesn't checl<i answers zvith 
the other memBers of the group. (Penny doesn't understand wordivery wetC 
and needs it to Be e:qp[ained a few times. (Penny is good at mentaC I thin((i 
(RpByn isfairiy vaCuaBCe to the groups discussion. She wiCCnot Butt in when 
everyone eCse is taClqng But wait to the end. She seems to enjoy the peopCe in 
h er group and she is fairCy friendCy. 

^rudy zcnU wor^untiC she comes across sonuthing she doesn't understand then 
she [[ as the group what they thin^aBout it. Wendy worlds, as a groups very 
wed. When she thought differentCy to the group she wouCd Bring it up and 
e7(p[ained it to the group so they wouCd understand and usuaCCy she was right. 
She was quite quiet But she did get the group to Cisten. 

Revievying the *buddy' reports . 

These 'buddy' reports were one of the unique features presented in this 
paper. These reports became a very useful and enlightening facet of this 
study with many of the student observations giving the teacher ( not to 
mention the parents ! ) greater insight into the functioning of the implemented 
environment. We would strongly recommend such a feature be a part of any 
collaborative environment provided that such data was freely available to all 
members of the class and that it was seen as being used to improve the 
environment for the students benefit. Teachers working in a collaborative 
environment could utilise an Envoy (Larsen & Pfitzner, 1993) technique to 
achieve the same outcome as the 'buddy' reports. 

Conclusion 

This study implemented a collaborative, peer interactive learning environment 
to determine how such an environment could function within the normal 
routine of school life and what the students thought of working in such an 
environment. Situating the activities in a socially aware setting highlighted the 
value of the students socio-cultural experiences to the learning of 
mathematics, and adopting a collaborative group work approach placed this 
study in a still rare setting (Graves. 1992. p. 63) which facilitated negotiation, 
consensus and the development of appropriate social norms based on the 
natural learning habits of students (LaCombe, 1992. p. 7; Higgins. 1992. p. 2). 




Ireland. D V. (April. 1995). DQVolQDinQ Parlnorshlps wHhIn a Sod o-nultural Classroo m: ChanQlna Student and Teacher Roles. 
Papor prosonlod at Iho annual mooling of the American Educallonal Rosoarch As*ioclatk)n. San Francteco. 



28 



Vygotskian theory supported the use of peer interaction, and constructivist 
theory encouraged the adoption of a more student-centred environment 
where prior knowledge and background experiences played an important 
role. 

Some see the latest trend towards social constructivism as a natural 
progression of this paradigm (Ernest. 1991) and one which complements the 
growing interest in socio-culturalism (Cobb. 1994). Constructivism has a very 
large following in mathematics education and has now spread through the 
national mathematics education policies of several Western countries (AEC, 
1990; NCTM. 1989; Cockcroft, 1982). It comes in many guises (Good. 1993) 
and this apparent lack of consistency has brought upon it much criticism of 
late (Lerman, in preparation). 

Whether one supports one or more of the various forms of constructivism or 
not, there are several benefits to be had for the students from adopting the 
constructivist perspective within one's teaching approach. These include 
benefits which stem from recognition of the students' prior or background 
knowledge, enhancing collaboration and interaction, which Vygotsky 
encouraged as a means to enhance development through instruction (Rogoff, 
1990; Moll, 1990). enhancing negotiation and consensus within the classroom 
through the increased use of discussion aimed at achieving intersubjectivity 
(Wertsch, 1985), and developing the students social skills. Indeed these 
benefits are not so much the result of a social constructivist approach as they 
are simply a recognition of the importance of the role of the social environment 
in the learning process, something supported by both Vygotsky. contemporary 
socio-culturalists and latter day social constructivists. 

One of the most important indices of the plausibility and fruitfulness of the 
Vygotskian school of thought is the fact that their experimental research and 
theoretical hypotheses, though developed simultaneously, led not only to 
consonant but to fully unified findings (Vygotsky, 1987, p. 240). Much of what 
they achieved resulted from their pursuit of classroom-based research taking 
the socio-cultural impact of the students* everyday experiences into account in 
tiie development of their theories and hypotheses. Vygotsky's basic 
conclusion of his theoretical discussions was that the actual movement in the 
development of the student's thinking occurs not from the individual to some 
state of socialisation but from the social to the individual. This was also the 
basic conclusion of his empirical work (Vygotsky, 1987, p. 74-76). 

As the authors review their findings they are acutely aware of the very strong 
influence that Vygotsky's socio-culturally based theories have had on their 
interpretations throughout this study. Influences in the way they formulated 
and designed this study and the execution of the implementation of a 
collaborative, peer interactive learning environment along with a strong 
influence in the way they interpreted and analysed the data corpus. In 
addition to Vygotsky. they ate aware of the impact of contemporary socio- 
cultural theory in these same facets of our work, and also of the influence that 
social constructivism had on their approach. 
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Adopting the socio-cultural focus as was preferred by Vygotsky (Lerman, in 
preparation; Wertsch, 1991) made it easy to facilitate the exchange that 
occurs between spontaneous or 'everyday' concepts and scientific concepts 
(van der Veer & Valsiner. 1991). The 'everyday' concepts arise from the 
social and cultural experiences of the students and mediates the acquisition 
of the scientific concepts (Moll, 1990). Flexibility was the key to ihe 
development of the concepts in any one topic because it was very easy to 
teach to some 'average' student and thereby quickly go beyond the level at 
which some of the students are comfortable working at. The mathematics 
programme which the students were exposed to unfolded as the year 
progressed and to some extent it was taken for granted that the functions that 
were maturing in each student's zone of proximal development were those of 
the course curriculum being addressed at the same point in time. Of course 
such was not always the case due to the wide disparity between the personal 
zones of the twenty or so individual students studied. 

By the end of this study the classroom operated on a basis where the 
students were more active participants in their own mathematics learning and 
culture than they had been at the beginning of the year. Working on only 
partially mastered tasks and doing so successfully because of the help of 
others became normal practice in the classroom and helped develop the 
continuous feature of operating with a 'classwide' zone of proximal 
development (Hedegaard. 1990). Findings also demonstrate that Dennis had 
progressed towards a more socio-cultural approach in his teaching, 
convinced that the future education of his students would be based upon the 
principle of teaching them about learning to learn in a socially diverse and 
culturally mixed global community. Outcomes for Dennis included the further 
development of skills such as facilitating discussion within the student 
groups, question redirection and explanation development, utilising student 
prior knowledge and monitoring the classroom environment to ensure the 
students' needs in this regard were being addressed. 

Future research . 

Several international studies and reports call for an increase in the use of 
collaborative environments for the teaching and learning of mathematics 
along with a greater awareness of the role of the social and cultural 
environment on the learning situation (AEG, 1990, p. 6-7; NCTM, 1989; 
Cockcroft, 1982; Bishop & Nickson, 1983; Wilson, 1981). The research 
reported here is significant in that it examines the effect of a collaborative 
peer interactive environment on the attitudes of the students in a typical 
Australian mathematics classroom. The importance of the cultural impact 
upon the classroom, which was emphasised by Vygotsky in his own research 
(Vygotsky, 1987), is one focus of the recently published National Statement 
on Mathematics for Australian Schools (AEG, 1990, p. 6-7). 
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Further research is needed on a wide range of classroom implementation 
issues to provide teachers with adequate principles and guide-lines to 
facilitate the appropriate use of collaborative small-group instruction in 
mathematics (Muiryan, 1992, p. 262). If, as Vygotsky (1962) argues, 
collaboratively achieved success lies at the heart of learning and 
development, then we need to ensure that optimal conditions exist in the 
classroom setting (Bennett & Dunne, 1991, p. 115). Research such as this 
has a message for teachers and researchers, especially those with a focus 
on Vygotskian perspectives (Moll, 1990, p. 2; Pontecorvo, 1990, p. 3; Vasta et 
al., 1992), and it is hoped that our findings will encourage others to duplicate 
this implementation and develop the practices and outcomes in a manner 
appropriate to their own socio-cultural conditions (Bassey, 1986, p. 21). 
Facilitating peer interactions by grouping different ability students may be 
insufficient in promoting learning. This study sought to give more attention to 
the process of collaboration and the specific conditions that may help 
develop such environments (Moll, 1990, p. 18). 

The situations that a teacher deals with everyday are complex and therefore 
the focus of research must swing away from the laboratory and into the 
classroom (Toumasis, 1990, p. 36). Perhaps the best any socio-cultural 
position can achieve, be it Vygotskian, constructivist or more purely socio- 
culturalist, is to suggest to the teacher that they be aware of the socio-cultural 
influences that affect their teaching learning environment and that they try to 
ensure that they gain for their students the maximum benefit from their 
awareness. 

From their experiences, mathematics teachers know that despite all the 
research, they remain encumbered in their daily struggle with the problems 
which appear in the typical mathematics classroom. What the teacher needs 
and what we hope this study provides, are simple, realistic ideas which 
spring from the classroom. Specific techniques and procedures which can be 
used without special instruments or special preparations and sophisticated 
plans. To the classroom teacher, realism is what stems from raw, daily, school 
routine (Toumasis, 1990, p. 36). 

Creating an environment in the classroom such as that developed in this 
study allows the teacher and the students to all actively engage in the 
teaching and learning of mathematics. We can't think of a better place in 
which to teach. 
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